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(54) An Ink Jet head, ink )et recording apparatus, and a control method therefor 



(57) For improving stable ink droplet ejection at high 
speed, an ink jet recording apparatus comprises an ink 
jet head having one or more fank jet units each including 
a nozzle (11) for ejecting ink droplets; an Ink chamber 
(5) In communication with said nozzle on the one hand 
and ink supply means (6. 7) on the other hand; an elas- 
tic diaphragm (8) forming at least a portion of a wall of 
said ink chamber; an actuator (8. 10) responsive to 
drive signals so as to selectively deform said diaphragm 
and after the volume of said ink chamber; and atxjtment 
means (91, 15) arranged outside of said ink chamber 
opposing said diaphragm with a gap being formed 
between saki diaphragm and saki atxjtment means 



when the former is not defonned. The recording appara- 
tus further comprises drive means including an ejection 
signal generator for applying a first drive signal to said 
actuator to eject an ink droplet from said nozzle; a timer 
responsive to said ejection signal generator for generat- 
ing a timing signal at a predetermined interval after 
receiving the first drive signal: and a complementary 
signal generator responsive to said timing signal for 
applying a second drive signal to said actuator to dis- 
place said diaphragm Into contact with said abutment 
means. 
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Description 

The present invemion relates generally to ink jet 
printing technology, and Is particularfy concerned with 
techniques for suppressing residual Ink vilsraUon after 
ink droplet efection from the Inkjet head. 

In general, an ink jet liead has one or more ink jet 
units each comprising a pressure generating chamber, 
a nozzle in comnnunicatlon with the pressure generating 
chamber and means for applying pressure to ink to 
selectively eject ink droplets through the nozzle. One 
end of the pressure generating chamber Is typically con- 
nected to an ink tank through an ink supply path, and 
the other end to the nozzle opening. Part of the pres- 
sure generating chamber is made to be easily deformed 
and functions as a diaphragm. This diaphragm is eiasti- 
cally displaced (deformed) by an electromechanical 
converter &jidh as a piezoelectric or etectrostadc actua- 
tor to selectively generate the pressure that ejects ink 
droplets from the nozzle. 

Recording apparatuses using this type of wk jet 
head offer outstanding operating ctiaracteristics. Includ- 
ing low operating noise and low power oonsumpHon. 
and are wkJely used as hard copy output devices for a 
variety of Infomiation processing devices. As the per- 
formance and functionality of information processing 
devices has improved, demand has also risen for even 
higher quality and speed printing of both text and graph- 
ics. This has made urgent the development of technolo- 
gies enabling even fmer ink droplete to be ejected 
consistently at even higher frequencies, Le. a higher 
print speed. 

Because of the stmcture of the ink jet head as 
described above, vibration remains In the Ink Inside the 
pressure generating chamber (also cafled the Inkcham- 
ber because It is fined with ink; hereafter "ink chamber") 
after Ink ejedion, and tt^ residual vibration can easily 
result in undesirably ejected ink droplets (also called 
"satetDtas"). To avoid this, the conventional approach 
has been to increase the flow resistance of the ink sup- 
ply path connecting the ihk chamber and ink tank to 
attenuate the residual inkvlbration. However, if Ihefkyw 
resistance of the ink supply path is high, the ink refill 
supply rate to the ink chamber after ink ejection is 
reduced, thereby lowering the maximum ink ejection 
frequency, and ultimately the printing speed of tfia print- 
ing doAce. 

Altematively, as described in JP-ASQ- 
1611^1981, resklual vibratron can be cancelled, and 
satellite emisskms prevented by applyvig at an appro- 
priate liming after a cBaphragm drive signal a comple- 
mentary signal canceling the residual vibration of the 
diaphragm. This resolves the problem described atxTve. 
at least for applications with non-varying droplet size, 
and achieves a recording apparatis with a high output 
speed. 

However, with the technology described in JP-A-56- 
161172/1981, tile diaphragm must be driven at an 
appropriate timing determined by the characteristic 



vibration period of the ink vO^ration system in order to 
cancel the residual vibration. This is because residual 
vibration may actually be promoted if the cancel signal 
timing is inappropriate. The technology described in UP- 
5 A-56-1 61 172/1 981 therefore provides a variable resis- 
tor for adjusting the signal timing according to the char- 
acteristic vibration period of the ink vibration system. 
Tlie problem here is tiiat a sufficient vit>ration damping 
effect m^ not be achieved when any of the parameters 
10 determining the characteristic vibration period of ttie ink 
vibration system. e.g., the ink viscosity, changes as a 
result of environmental changes, such as changes of 
the ambient temperature. 

AIsol expressing various density gradations by 
IB changing the size of the ink droplets formed on a 
recording medium is a prefenred means of improving 
print quality. The size of the ink droplets output by any 
recording apparatus, such as a printer, using an Inkjet 
head is determined by various factors, one of which is 
20 tile size (also called "ink Section mass*^ of tie ink drop- 
lets ejected by tiie Inkjet head. 

A technology providing plural electrostrictive means 
of different sizes in the Ink chamber, and separately 
controlling and driving these electrostrictive means to 
ss eject ink droplets of various sizes, is described in J P-A- 
55-79171/1980. But, when this technique is applied, 
each of the plural, different size actuators used to 
deform the diaphragm must be Independently driven. 
Increasing the number of wires needed, and thus mak- 
30 ing it dtfficult to acfveve a high nozzle density. The 
number of drivers also increases because of the need to 
separately drive each actuator, and this makes it drfTicult 
to reduce the device size. 

It is an object of tiie present invention to provkle an 
35 ktk jet recording apparatus in wluch the residual vibra- 
tion e)q3lalned above is reduced and "satelfites" avoided 
wfihout sacrificing conventional high bik refill rates. 

It Is a further object of the present invention to pro- 
vide such vftsration dampening in an easily ascertaina- 
40 ble and automatically adjustable manner whk:h can 
eliminate user intervention requirements and user error. 

It is yet anottier objection of the present invention to 
employ diaphragm vltiration dampening in varying-stze 
ink droplet applications while retaining high nozzle derh 
45 sities and relatively low manufacturing and component 
costs. 

These objects are achieved with an ink j^ recording 
apparatus as claimed in daim 1 and a method as 
claimed In claim 8, respectively. 
so Because the diaphragm contacts the abutment 
mear^ (which m^ be an opposing wall) as a result of 
the second drive signal, the diaphragm is held to the 
abutment means with the merascus of the ink in the ink 
nozzle drawn toward the inside of the ink chamber. The 
55 characterfsilc vibration period of the ink vibration sys- 
tem therefore becomes extremely short and the flow 
rate of the ink flow due to residual vibration increases, 
thereby causing a rapid decrease in Ink system vibra- 
tion due to viscous loss. Unwanted ink ejection due to 
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residua) vibration in the ink system can thus be pre- Fig. 2 
vented, and the inl< ejection cycle shortened to aoconr\- 
plish high quality printing at high speed. 

The timer preferably outputs the timing signal at the Fig. SA-dC 
specific timing at which the diaphragm most closely s 
approaches the abutment means, if an electrostatic 
actuator is used, this makes it possible to attract the dia- 
phragm to tiie abutment means by applying a relatively 
low voltage only. Because the speed of diaphragm dis- 
placement at this timing is slow, diaphragm behavior io 
can be consistently controlled in^espective of any envi- Fig. 4 
ronmerrtaOy ir)duced variation in the characteristic vibra> 
tion period of the ink system (i.e., this timing need not be 
changed in response to . for Instance, ambient tenrper- 
ature fluctuations). is 

The timer n^y alternatively output the timing signal 
at a particular time within the deflection interval during Fig. 5 
which the diaphragm is deflected from the position 
where the volume of the ink chamber is smallest toward 
the position where the diaphragm is closest to the abut- 20 
ment means. In this case, the diaphragm begins moving Fig. 6 
at high speed toward the opposing wall at this timing, 
having an effect equivalent to that when the characteris- 
tic vibration period of the ink system is shortened, and 
making it possitsle to reduce the volume of the ejected 2s Rgs. 7A-7D 
ink droplet In other words, the volume or size of the 
ejected ink droplet can be varied by eelecting the timing 
of the timing signal from plumi timing poNs contained 
within said deflection interval. Fig. 8 

When, according to an embodiment of the inven- so 
ton, an electrostatic actuator is used as the actuator for 
the diaphragm, the eject signal generator preferably 
comprises a charging circuit for charging the actuator. Fig. 9A-9D 
and a first discharge circuit for discharging the actuator 
at a first discharge rata Moreover, the complementary 3s 
signal generator comprises a charging circuit capable of 
charging the actuator to a charge sufficient to cause 
contact between the diaphragm and the abutment 
means, and a second discharge circuit for discharging 
the actuator at a second discharge rate that is slower 40 
than said first cfischarge rata It is therefore posable to 
apply complementary charging causing the diaphragm 
to contact the abutment means, and then oonsistentiy 
restore the diaphragm to the standby position for 6ie 
nooct ink droplet ejection opemtion, without unwanted ink 4S 
ejection and without generating vSsrations In the Ink sys- 
tem. 

Other objects and attai nments together with a f uDer Fig. 1 0 
understanding of the invention will become apparent 
and appreciated by referring to the follownng descr^on so 
of particular preferred and altemalive embodiments €Uid 
daims taken in conjunction with the acconipariying 
drawings, in which: Rg. 1 1 

Rg. 1 is a simplified longitudinal cross section, ss 

taken along line 1-1 in Fig. 2, of a pre- 
ferred embodiment of an ink jet head 
according to the present invention; Rg. 12 



is a plan view of the ink jet head shown 
in Rg. 1; 

are simplified lateral cross sections, 
taken along line Ill-Ill in Fig. 2, with Fig. 
3A showing the standby state. Fig. 3B 
showing when ink is supplied, arxi Fig. 
3C showing the state when the ink is 
compressed or pressurized; 

is a graph showing the relationship 
between the force acting on the dia- 
phragm and the distance between the 
diaphragm and the opposir^ electrode 
segmoit; 

is used to describe an alternative 
embodiment of the diaphragm of the ink 
jet head; 

is a drcuit diagram of one example of a 
drive circuit used in connection with the 
Inkjet head shown in Fig. 1 ; 

is a signal timing chart used to describe 
the operation of the drive drci^ shown 
In Rg. 6; 

is a signal waveform diagram showing 
an example of the drive signals used to 
drive the Inkjet head shown in Fig. 1; 

are partial lateral cross sections of the 
ink jet head shown in Rg. 1. wherein 
Fig. 9A shows the state before ink drop- 
let ejection, Rg. 9B shows the state 
when an ejection drive voltage is applied 
to attract the diaphragm to the opposing 
wall surface. Rg. 9C shows tiie state 
when the ejection drive voltage is 
released and the diaphragm returns 
toward tiie ink chamber, and Fig. 9D 
shows the state when the complemen- 
tary charging voltage is ai^lied to again 
attract the diaphragm to the opposing 
wall surface; 

is a simplified lateral cross section, cor- 
responding to that of Fig. 1. of an Inkjet 
head according to an alternative 
embodiment of the present invention; 

is a simpiined lateral cross section, cor- 
responding to that of Fig. 1, of an Inkjet 
head according to a furtiier alternative 
embodiment of the present invention; 

is a plan view of an Inkjet head shown in 
Rg. 11; and 
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Fig. 13 is an alternate signal waveform showing 

an alternative example of the drive sig- 
nals suited for driving the ink jet head 
according to the presently preferred and 
alternative enrtxxfiments of the present 
invention. 

Throughout the drawings like reference symbols 
refer to like parts. 

Fig. 1 is a cross-sectional view of an ink jet head 
according to the present invention, Fig. 2 is a partial 
plan view of Fig. i, and Rgs. 3A-3C are partial cross- 
sectional views of Fig. 2. 

As shown in these figures, Inkjet head 1 is a three- 
layer lamination which includes a nozzle plate 3 com- 
prising, for example, silicon, a glass substmte 4 com- 
prising, for example, borosilicate having a thermal 
expansion coefficient dose to that of siGcon, and a 
center substrate 2 comprising, for example, silicon. Plu- 
ral independent ink chambers 5. a common Ink cham- 
ber 6, and ink sipply paths 7 connecKng common ink 
chamber 6 to each of the inkchantiers 5. are formed in 
the center substrate 2 by, for example, etching channels 
con-esponding to each of these components in the sur- 
face of center substrate 2 (i.e.. the top surface as seen 
in Rg. 1). After etching, nozzle plate 3 is bonded to the 
surface of center substrate 2 to complete the fonnation 
of the various ink chambers and ink supply paths. 

Ink nozzles 1 1 each opening into a contending 
one of ink chambers 5 are formed in nozzle plate 3 at 
positions corresponding to one end of each ink chancer 
5. As shown in Rg. 2, ink supply port 12 opening Into 
common ink chamber 6 is also formed in nozzle plate 3. 
Ink is supplied from an external ink tank (not shown in 
the figures) through ink supply port 12 to common ink 
chamber 6. The ink stored in common ink chamber 6 
then passes through ink supply paths 7. and is supplied 
to each of the ink chambers 5. 

Ink chambers 5 are provided with a thin bottom wall 
or bottom wall portion which forms a diaphragm 8 elas- 
tically displaceaWe (deflectable) in the vertical dlrectkin 
as seen in Rg. i. Shallow recesses 9 are formed by, 
e.g, etching, in the lop side of glass substrate 4 at posi- 
tions con^esponding to each of the ink chambers 5 in 
center substrate 2. As a result the diaphragm 8 of each 
ink chamber 5 faces recess surface 92 with a narrow 
gap G therebetween. In actual products the gap length 
may in the range of about 0.2 to 1 iim, the actual value 
bemg preferably determined based on the possible pre- 
cision of manufacturing technology and the other 
dimensional parameters including the tWckness of the 
diaphragm so as to obtain the desired function with little 
drive energy being required. Because recesses 9 of 
glass substrate 4 are disposed opposite diaphragms 8 
of ink chambers 5, recesses 9 are referred to as the dia- 
phragm-opposing wall» or simply opposing wall 91 (Rg, 
3A-3C) forming abutment means for the diaphragm. 

The diaphragm 8 of each ink chamber 5 functions in 
this embodiment as an electrode. An electrode segment 



10 is formed on each recess surface 9a The sur^ce of 
each electrode segment 10 is covered by insulation 
layer 15 comprising, for example, glass, and having a 
thickness GO as shown in Rgs. 3A-3C. As a result, each 
5 electrode segment 10 and the opposing diaphragm 8 of 
the respective ink chamber fonm a capacitor having 
insulation layer 15 in between its electrodes and having 
. an electrode gap of a With one (electrode segment 1 0) 
of the electrodes of the capacitor being rigid and the 
10 olher (diaphragm 8) being flexible, this structure can be 
used as pressure generating means in the form of an 
electrostatic actuator. 

A drive circuit 21 (shown in F^, 2) is provided for 
driving the ink jet head by operating the electrostatic 
IS actuators (chaiping and discharging the capacitors) 
according to a print signal applied from an external 
source, such as a host computer, not shown in the fig- 
ures. One output of drive circuit 21 is connected directly 
to each electrode segment 10, and the other output is 
20 connected to common electrode terminal 22 formed on 
center substrate 2. Drive circuit 21 will be described in 
detaV later. 

If silfoon Is used for center substrate 2 it may be 
doped with impurities to k>ecome conductive and capa- 
2S ble of supplying charge from common electrode termi- 
nal 22 to diaphragms 8. Note that for obtaining a low 
electrical resistance It is also possible to fonm a thin-film 
of gold or other conductive material by vapor deposition, 
sputtering or other process on one surface of a silicon 
30 slisBtrate. Center substrate 2 and glass substrate 4 are 
bonded by anodic bonding in this embodiment A con- 
ductive film Is therefore formed on the surface of center 
substrate 2 in which the ink supply paths are fonmed. 
. Cross-secttonal views taken along line Ill-Ill in Rg. 
sff 2 are shown in Figs. SA-SC. When a drive voltage is 
applied from drive circuit 21 to a capadtor formed by the 
oppo^ electrodes as mentioned above, a Coulomb 
force in the form of an attraction force is generated 
resuftlng m diaphragm 8 being deflected towaid elec- 
40 trode segment 1 0, thereby Increasing the volume of ink 
chamber 5, as shown in Rg. 3B. When the charge 
stored in the capacitor is then rapidly discharged by 
drive circuit 21, cfiaphmgm 8 returns to its original posi- 
tion due to Its resiiency or restoring Ibioe, thus rapidly 
45 reducing the volume of Ink chamber 5, as shown in Rg. 
3C and increasing the pressure therein. The increased 
pressure forces part of the Ink contained in inkchairter 
5 to be eijected as an Ink droplet from the nozzle 11 
assodated with that Ink charriser. 
so The relationship between the voltage applied to the 
opposing electrodes forming a capacitor and the behav- 
ior of cfiaphiagm 8 Is described next with reference to 
Rg. 4. Rg. 4 is a graph showing the relationship 
between the force acting on diaphragm 8 and the dis- 
ss tance between the opposing electrodes 10 and 8 when 
diaphragm 8 is displaced. 

The restoring force of diaphragm 8 is shown l)y the 
straight line In Rg. 4. Note that the restoring force of dia- 
phragm 8 increases in a linear lashion proportionally to 
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the displacement as diaphragm 6 is deflected from the 
position of gap length Q toward the electrode segment 
The absolute value of the slope of the restoring force 
line expresses the reciprocal of the compliance of dia- 
phragm 8; thus, as compHance increases, the slope 
decreases. The curved lines in Fig. 4 indicate the Cou- 
lomb force acting on the diaphragm 8; the Coulomb 
force is inversely proportional to the square of the elec- 
trode gap tf the applied voltage is assumed constant 
Because the Coulomb force is also proportional to the 
square of the applied voltage, curve (a) shifts in the 
direction of arrow A as the applied voltage increases, 
and shifts in the direction of arrow B as it decreases. 

QO in Fig. 4 is the thickness of insulation layer 15 
shown in Rgs. 3A-3C and represents the nwimum dis- 
tance between the electrodes. The position in which the 
diaphragm contacts the insulation layer 15 will be 
referred to below as the "contact position*' or the posi- 
tion in which the diaphragm 8 contacts the opposing 
wall 91 (note that insulation layer 15 is fixed relative to 
the "opposing wall" 91 which is the member of substrate 
4 below recess 9). Values d1 and d2 indicate positions 
wh^e the restoring force of diaphragm 8 and the Cou- 
lomb force acting on it are balanced. d1 being an unsta- 
ble balance poim and d2 being a stable balance point 
More specifically, when a certain voltage is applied, dia- 
phragm 8 is deflected from G to d2 and then stops. If 
due to an external force diaphragm 8 is then deflected 
to a position between d2 and d1. diaphragm 8 will sim- 
ply return to d2 again when that external force is 
released. However, if diaphragm 8 is displaced by an 
external force beyond d1 to a point near the electrode 
segment since the Coulomb force is greater than the 
restoring force, diaphragm 8 will be deflected to the con- 
tact position. La, to GO. arxj this contact position will be 
retained even after the external force is released. 

A high voltage shown in Fig. 4 as curve (b) is 
applied to the opposing electrodes to force diaphragm 8 
to contact the opposing wall. When this voltage is 
applied, there are no balance points d1 and d2. and dia- 
phragm 8 is immediately displaced to the contact posi- 
tion GO. It is to be noted that displacement of diaphragm 
8 can be forced to overshoot d1 by siKldeniy re-applytng 
a voltage afto* applying a voltage lower than this high 
voltage if the distance between d1 arxi d2 is sufficientty 
small. It is therefore also possible to force diaphragm 8 
to the contact position using a lower voltage. 

To retum diaphragm 8 to the original position, the 
capacitor of the electrostatic actuator is fully or partially 
discharged as shown in Rg. 4. curve (c). This causes 
diaphragm 8 to begin moving toward the stak)le balance 
point d2 at a rate of acceleration determined by the dif- 
ference between the diaphragm restoring force and the 
Coulomb force. As a result, if the applied voltage drops 
with sufficient speed, the restoring acceleration of dia- 
phragm 8 win be sufficient to propel the ink dropleta 
Likewise, if the applied voltage is lowered gradually, the 
restoring acceleration of diaphragm 8 can be kept low 
enough to prevent ejection of ariy ink droplets. 



Because a volume change in the ink chamber is 
effected by deforming the diaphragm, the term "compH- 
ance** is used here also to denote the amount of volume 
change of the ink chamber resulting from unit pressure 

5 acting on the diaphragm 8. 

Note that in order to narrow the nozzle pitch, dia- 
phragm 8 is designed with the smallest possible dimen- 
sion in the direction in which the nozzles are arrayed, 
i.e.. in the up and down direction as seen in Fig. 2 (the 

10 diaphragm "width" hereafter), and a large dimension in 
tiie direction perpendicular to the width (hereafter, the 
diaphragm length"), e.g., a 3 mm length for a 200 
micrometer width in this example. As a result the rigid- 
ity across the width of diaphragm 8. except at the ends 

IS in the lengthwise direction of diaphragm 8, determines 
the amount of deformation in diaphragm 8 when an 
equally distrilxited \oaxi (pressure or Coulomb force) 
acts on diaphragm 8 as shown in Rg. 5. The following 
relationship can therefore be defined between the 

20 shape and compliance (Cm) of cfiaphragm 8: 

CmBK*L*(W'/T®) 

where K is a constant, and L, W. and T are the length. 

25 width, and thickness, respectively, of diaphragm 8. As 
this equation shows, the conpfiance (Cm) of diaphragm 
8 is proportional to ttie length (L). proportional to the 
f iftii power of the width, and inversely proportional to the 
cube of the tiiickness (T), of diaj^gm 8. 

30 It will also be obvious tliat tiie compliance of dia- 
phragm 8. when diaphragm 8 is in contact with the 
opposing wall, can be considered equal to zero This Is 
because even if only a third of the width In the center of 
diaphragm 8 contacts the opposing wall, the conpli- 

35 ance will be less than 1/100*^ because compEance is 
proportional to the fifth power of the width. 

The prefenred and ahennative embodiments of the 
present invention are therefore described herelnbelaw 
against this background. 

40 A drive circuit suitable as voltage appli cation m eans 
21 (shown in Fig. 2) used to apply a voltage and thus 
drive an ink jet head constructed as described above is 
descrfced below with reference to Rg. 6. which shows a 
circuit diagram of the drive circuit, and Rgs. 7A-7D ool- 

45 lectiv^ showing a liming chart of drive circuit opera- 
tion. 

Charge signal INI In Fig. 6 Is used to accumulate 
charges on the opposing electrodes (diaphragm 8 and 
electrode segment 10) to displace diaphragm 8. and is 

so input through level-shift transistor Q1 to first constant 
current circuit 400. Rrst constant current circuit 400 
comprises primarily transistors Q2 and Q3. and resistor 
R1. and charges capacitor C with a constant current 
value resulting in a constant charge rate -cl. 

55 Rrst discharge signal If^ is used to discharge the 
charge stored on the opposing electrodes, and thus 
restore diaphragm 8 to tiie standby (non-displaced) 
state. Second constant current circuit 420 comprises 
primarily transistors Q4 and Q5. and resistor R2, and is 
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configured to discharge the charge stored in capacitor C 
at a constant discharge rate t2 during the period in 
which first discharge signal iN2 is active. 

Second discharge signal IM3 is used to discharge 
the charge stored on the opposing electrodes to restore 
diaphragm 8 to the standby state. Third constant current 
circuit 430 is configured primarily of transistors Q10 and 
Q1 1. and resistor R3, the resistance of which is greater 
than that of resistance R2. Third constant cun'enl circuit 
430 is used to discharge the capacitor C at a constant 
discharge rate t3 that Is slower than the discharge rate 
*tZ of second constant current circuit 420 during the 
period in which the second discharge signal INS is 

The terminals of capacitor C are connected to the 
output terminal OUT via a buffer comprising transistars 
06, Q7. Q8, and Q9. The common eleclrode terminal 
22 of the Inkjet head is also connected to the output ter- 
minal OUT, and the output of each transistor T is con- 
nected to the respective electrode segment 10. 

While charge signal INI is active, capacitor C is 
charged with a constant current level. If the transistor T 
corresponding to the electrode segment of the nozzle 
from which a droplet Is to be ^eded is also on at this 
time, the conresponding pair of opposing electrodes will 
be charged to the same voltage level as the capacitor C. 
Because the capacitor C is discharged when the dis- 
charge signal is input, the charge stored on the oppos- 
ing electrodes is also discharged through the 
conresponding diode D. 

The operation of a drive circuit thus comprised Is 
described further below with reference to the timing 
chart In Fig. 7A-7D. 

When charge signal 1N1 (Fig. 7A) becomes active, 
the leading edge of the charge signal sequentially turns 
on transistor Q1 and transistor Q2 of first constant cur- 
rent circuit 400. Capacitor C is thus charged using a 
constant cun-ent value determined by resistance of R1 . 

The terminal voltage of capacitor C thus rises line- 
arly from 0 volt with a constant slope tl as shown In Fig. 
7D during the period to time t1. This slope t1 is deter- 
mined by the re^stance of resistor R1 . and the capadty 
of capacitor C. A slow charge rate can therefore be set 
for capacitor C and the opposing electrodes connected 
thereto through the buffer by increasing the resistance 
of resistor R1. TTiis charge rate is determined with con- 
sideration given ta for example, the ink supply rate to 
the ink chamber. Ink thus flows from common ink cham- 
ber 6 into ink chamber 5 through the ink supply path 
because diaphragm 8 is displaced toward electrode 
segment 10, and ink chamber 5 exparKls. 

When charge signal INI becomes inactive after 
time Ta has passed (at time t1). transistors Q1 and Q2 
turn off and charging of capacitor C thus stops. The volt- 
age across the opposing electrodes is thus held at VO at 
time tt, and diaphragm 8 stc^ while abutting against 
the opposing wall 91 (actually against insulation layer 
15). 



When a predetermined period Ih then has passed, 
first discharge signal IN2 (for ink droplet ejection) 
becomes active (Fig. 7B). Transistor Q4 of second con- 
stant current circuit 420 thus discharges the capacitor C 
5 during period Tb at a rate determined by resistor R2. 
The voltage between the terminals of capacitor C thus 
drops Bneariy vwth slope x2 based on the resistance of 
resistor R2. 

Note that the duration of period Tb is sufficient to 
10 completely discharge capacitor C for a given R2. When 
first discharge signal INS for ink ejection becomes inac- 
tivB, transistor Q4 timns off, discharging by second con- 
stant current circuit 420 stops, and the terminal voltage 
of capacitor C, and. thus, the voHage across the oppos- 
is ing electrodes, is zero. 

When charge signal INI again becomes active at 
time t4. capacitor C is again charged to a specified volt- 
age VI determined by the length of active period Tc. 
and voltage Vl is fliereafter held for period Ti from time 
20 t5 Id 16. When second discharge signal IN3 (comple- 
mentary) then becomes active at time t6 following 
period Ti, transistor Q10 of third constant current circuit 
430 turns oa thus causing capacitor C to start dischai^ 
ing through resistor R3. 
2B The resistance of resistor R3 is greater than the 
resistance of resistor R2, causing the voHage between 
the temiinals of capacitor C to drop lineariy but at a rate 
•c3 slower than the rate ^2 mentioned above. Note that 
period Td during which the second discharge signal is 
so active Is set with consideration being given to the ink 
ejectkm frequency and the time required to completely 
discharge th& opposing electrodes. 

A drive method for an InkJet head using a drive cir- 
cuit as descrbed above is described below. The control 
3S method used after the drive voltage applied to the 
opposing electrodes by voltage application means 21 Is 
cancelled is described in particular. 

Fig. 8 shows one example of the voltage waveform 
between the opposing electrodes. The opposing elec- 
40 trades are charged so that the voltage across the 
opposing electrodes rises to a peak value VO at time t1 , 
and the peak value VO is then held until time t2. The 
opposing electrodes are then discharged from time t2 
as described below to efed ink (charglngAfischarglng 
45 intenml XI for ink ejection). 

A defined period after time tS at which discharging 
Is completed, complamentary chargingAlischarging 
interval X2 is accomplished from time t4 to time t7. Note 
that peak voltage VI of the complementary charg- 
Bo ing/discharging interval X2 is lower than peak voltage 
VO. The discharge slope S2 during the discharge inter- 
val of complementary charging/discharging period X2 
(the period from time t6 to t7) is set to be suffidently 
lower (a slower discharge rate) than the slope SI (the 
5ff slope of the period from time t2 to t3) of tfie discharge 
period of chargingAdischarging onten^al XI (see Figs. 
7A-7D). 

Charging and discharging are thus executed fwtoe 
during the ink droplet ejection operation. The state 
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immediately before charging is shown in Rg. 9A. Note 
that ink surface 31 {i.e., the ink meniscus) is located 
near the nozzle opening of nozzle 1 1 . When charging In 
charging/discharging period XI starts from this state, 
diaphragm 8 is attracted to electrode segment 10 pro- s 
vided on opposing wall surface 92, and thus contacts 
the surface of insulation layer 15, Fig. 9B shows dia- 
phragm 8 in contact with insulation layer 15. Displace- 
ment of diaphragm 8 to insulation layer 15 thus 
increases the volume of ink chamber 5. creating nega- io 
tive pressure in ink chamber 5 pulling ink surface 31 in 
towvard ink chamber 5. After period XI charging stops, 
ink flow into the ink chamber through Ink supply path 7 
caused by the negative pressure generated by the dis- 
placement of diaphragm 8 continues, and the pressure is 
created by the ink flow inertia accumuiates In the ink 
chamber. Discharging is started when the ink pressure 
has increased to a sufficient level at time t2. When the 
voltage between the opposing electrodes drops from 
peak voltage VO to a predetermined voltage level, dia- 20 
phragm 8 is released and is elastically displaced in the 
opposite direction, i.e.. upward as seen in Rg. 9C, by 
the elastic restoring force of the diaphragm. The pres- 
sure increase caused by this elastic displacement adds 
to the pressure created by the ink flow inertia to create 2s 
a rapid rise in the internal pressure of the ink chamber, 
overcoming the surface tension of the meniscus and 
causing ink droplet 32 to be ejected trom nozzle 11 as 
shown in Rg. 9C. 

A residual vibration of both diaphragm and ink 30 
remaining in the ink chamber after ink droplet ejection 
causes diaphragm 8 to elastically displace again toward 
the opposing wall and then away from the opposing wall 
causing undesirable ink droplet ejection. 

In one embodiment the method of the present ss 
invention, iiowever. starts complementary charging 
period X2 to fordbly attenuate vibrations at the point at 
which diaphragm 8 comes dosest to the opposing wall. 
The peak voltage V1 used at this time is lower than the 
peak voltage VO used during ink droplet ejection, but 40 
results in a strong force of attraction because the 
charge is applied when diaphragm 8 is in contact with or 
nearly in contact with the opposing wall. i.e. the gap 
between the oppoang electrodes is small. Diaphragm 8 
is thus again held temporarily in contact with surface 92 45 
(Rg. 9D). The displacement speed of the diaphragm at 
approximately the lime when peak voltage V1 is applied 
is near zero, and there is therefore little change In the 
distance to the opposing wall even if the timing t4 at 
which complementary charging starts is offset slightly so 
from the point at which the diaphragm approaches clos- 
est to the opposing wall due ta for example, tempera- 
ture changes affecting the charactBristic vibration 
perkxl of the ink system. 

After diaphragm 8 is elastically displaced to eject ss 
ink droplets, the control method of the invention as thus 
descrbed forcibly constrains diaphragm displacement 
when the cfiaphragm has displaced to the positran of 
greatest ink chamber volume, and thereby prevents 



unwanted vibratkin. The compliance of the diaphragm 
thus drops rapidly, and the characteristic vitdration 
period of the ink system is extremely short The ink flow 
rate inside the ink chamber and the ink supply path 
therefore rises, accelerating consunrtption of residual 
vibration energy. The result is a rapid drop in residual 
vibration in the ink system. 

It is to be noted that the peak pressure inside the 
ink chamber resulting from residual vibration of the ink 
system rises rapidly, but does not rise sufficiently to 
cause ink ejection. This is because the cfiaphragm stops 
in contact witti the opposing wall, I.e., where the ink 
chamber volume is greatest and the ink surface inskJe 
the nozzle is pulled closest in toward the ink chamber. 

If the capacitor formed by the opposing electrodes 
is rapidly discharged from this state, diaphragm 8 vAW 
return from the opposing wall surface 92 as during ink 
ejection, and will therefore move inside the ink chamber. 
Such elastic displacement of diaphragm 8 can, there- 
fore, create a rapid increase In the internal Ink chamber 
pressure, potentially resulting in undesirable ejectkm of 
Ink droplets from nozzle 1 1 . 

The method of the present invention prevents this 
by gradually discharging the complementary charge of 
complementary charging/discharging period S2, pre- 
venting diaphragm 8 from accelerating to a velocity suf- 
ficient to cause Ink droplet ejection. There Is. therefore, 
no ejecting of unwanted ink droplets, and undesired ink 
system vibrations resulting from ink droplet ejection are 
also reduced. Complementary charging/discharging 
period X2 thus results in effective attenuation of overall 
residual vitsration. 

An alternative embodiment of an ink jet head is 
described next with reference to Rg. 10. In Inkjet head 
1A shown in Rg. 10, tiie gap G b^een diaphragm 8 
and opposing wall surface 92 varies stepwise in the ton- 
gitudinal direction of the ink chamber. Inkjet head 1A is 
othenvise identical to ink jet head 1 of the first embodi- 
ment above. Identical parts are therefore identified by 
like reference signs, and accordinsfly. further description 
thereof is omitted herein below. 

As shown in Rg, 1 0, the back of the diaphragm 8 Is 
flat while opposing wall surface 92 of glass sutjstrate 4 
is formed in a stepped pattern descending In the longi- 
tudinal direction of the ink chamber 5. This stepped pat- 
tern results in plural gaps of gradually increasing size 
between glass surface 92 and diaphragm 8. The small- 
est gap G1 is formed at the end of ink chamber 5 near- 
est to ink supply path 7. i.e. between the diaphragm 
arxi the first step of opposing wall surface 92. Adjacent 
to gap G1 in the middle of diaphragm 8 is lonmed a sec- 
ond gap G2 greater than gap G1. The third gap G3 
formed closest to nozzle 11 is the greatest gap between 
opposing wall surface 92 and diaphragm 8. Each of 
these gaps, more accurately, the electrical gaps defined 
by the distance from the top surface of electrode seg- 
ment 10 to the bottom of diaphragm 8 corresponds to 
the gap G as shown in Fig. 3A-3C. 
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By thus varying this gap G, the gradual drop in the 
voltage between the opposing electrodes during the dis- 
charge mterval of the complementary chargingAiis- 
charging period S2 following charp'ng/dlscharging 
period SI for inl^ droplet ejection (Rg. 8) causes the cor- 
responding parts of diaphragm 8 to separate succes- 
sively from opposing wall surface 92. IWore specifically, 
diaphragm 8 separates partially and sequentialiy from 
surface 92 starting from the part where the gap is great- 
est (Q3). and proceeding to the part where the gap is 
smallest (G1). Because diaphragm 8 is released from 
surface 92 in parts and not all at once, undesired ink 
droplet ejection and ink vibration can be reliably sif>- 
pressed even more, and residual vibration after ink 
droplet ejection can be rapidly and consistently 
danrqped. 

When the rigidity of diaphragm 8 is varied step- 
wisely or continuouGly in the longitudinal direction of the 
ink chamber 5. the same effect as described above can 
be obtained, l.e., diaphragm 8 contacting opposing wall 
surface 92 can be consistently returned to the standby 
slate without causing ink droplets to be ejected. 

An Ink Jet head of this oonstoiclion is described 
bekw with reference to Rg. 1 1. In this Inkjet head IB. 
the part of diaphragm 8 on the side nearest nozzle 11 at 
the end of the ink chamber is a thin, plate-like, low rigW- 
fty member 8a. Different from wliat is actually shown In 
Fig. 1 1 . low rigidity member 8a need not be formed with 
an obvious demarcation between the thickness of low 
rigidity member 8a and the other parte of diaphragm 8; 
instead, diaphragm 8 may be formed with the thickness 
thereof continuously decreasing in the lengthwise direc- 
tion of the ink diamber. 

A further embodiment of an ink jet head In whfch 
the cfiaphragm 8 has different portkms with different 
rigicBties is shown in Rg. 12. In this inkjet head 1C. the 
base end (near ink supply patti 7) of the Ink chamber is 
wider than the rest of the ink chamber. The width of dia- 
phragm 8 is also increased in the con'esponding area to 
form low rigidBty member 8c As with the diaphragm 
thickness above, low rigidity member 8c need not be 
formed with an obvious demarcation between the vindth 
of low rigidity member 8c and the other parts of dia- 
phragm 8; instead, diaphragm 8 may be formed with the 
width thereof continuously decreasing lengthwise of the 
ink chamber. 

With these afternative configurations, when the 
opposing electrodes are graduaUy discharged, the dia- 
phragm separates from the opposing watt starting from 
the relatively high rigidity part thereof and proceeding to 
the low rigkiity part The entire cfiaphragm is therefore 
not restored at the same time, and the effects obtained 
by gradually discharging the opposing electrodes as 
described above can be obtained with even greater reR- 
atxlity. 

An alternative prinfing apparatus drive method 
according to the present invention is described below. 
Rg. 1 3 shows an alternative voltage wave applied to the 
opposing electrodes and particularly appropriate for 



driving ink jet head 1 shown in Rg. 1. Charging/dis- 
charging occurs twice in this embodiment: charging/dis- 
charging from V30 to V32 for ink droplet ejection, and 
charging/discharging from V33 to V35 for controlling th e 
5 ffik droplet eject volume. Thus, complementary charg- 
ing/discharging from V33 to V35 occurs after charg- 
ingydlscharging from V30 to V32 for ink droplet ejection. 

The oppoang electrodes are first c^rged to peak 
voltage VO. attracting diaphragm 8 to contact opposing 
10 wall 91 . When this charge is then discharged, i.e,, after 
time t2 in Rg. 13, diaphragm 8 is returned toward the 
original non-charged standby position by the elastic 
restoring force thereof, and is displaced beyond the 
standby position into ink chamber 5. This rapidly pres- 
is surizes the ink in ink chamber 5, causing an ink droplet 
to be ejected from nozzle 11. 

Complementary cliarge V33 is then applied when 
the ink droplet is being ejected from nozzle 1 1 , i.e.. at a 
point between ta and tc preceding ink dropl^ separa- 
te tion. The resulting Coutomb force attracts the conplete 
diaphragm 8 toward opposing wall 91, causing great 
elastic displacement This causes a sudden temporary 
drop in the ink pressure inskJethe Inkchantier. and this 
acts to puB the ink drc^let into the ink chamber. As a 
26 result, the volume of the ejected Ink droplet is greatly 
reduced, a fine ink droplet is ejected, and a small dot is 
fomied on the recording medium (paper). This action 
can be considered Identical to the ink droplet ejection 
operation of an inkjet head wherein the compliance of 
30 diaphragm 8 is low and the characteristic vibration 
period of the ink ^stem is particularly short as 
described above. 

It is therefore possible to change the characteristic 
vibratton period of the ink vibration system by confroliing 
36 the point at which complementary chaining V33 starts. 
It is therefore also possible to control the ejected ink vol- 
ume by using the principle of detenmining the vibration 
period conesponding to the ejected ink volume well 
known to the art therefore also possible to control the 
40 ejected ink volume. 

Starting complementary charging V33 CV33a) at 
the earliest point ta after discharging V32 is conpieted 
is equivalent to operating with an extremely short char- 
acterisffo vbralton period in the ink system. The ejected 
45 ink volume is therefore greatly reduced, and ejection of 
fine inkdroplets can be achieved. Conversely, if comple- 
mentary charging V33 (V33c) starts at the latest possi- 
ble pofrit te, there Is minimal real change in the 
characteristic vibraUon period of the Ink system. The 
so ejected Ink vdume is therefore relatively great and a 
large droplet is formed. If complementary charging V33 
(V33b) starts at some point between the earnest (ta) 
and latest (tc) points, the eject ink volume is between 
the smallest (V33a) and largest (V33c) I e/els. It is there- 
ss fore possfi3le to control the Reeled ink volume fay chang- 
ing the start of complementary charging. 

The charged state is flien maintained for a particu- 
lar period after complementary charging to rapidly 
attenuate resklual vibrations in fte ink system in the 
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same way as described in the first embodiment of a 
drive method above. Gradual discharging as shown by 
V35 is then applied, allowing diaphragm 8 to return to 
the standby state without causing undesired inic Section 
or harmful ink vibrations in tiie ink chamber. s 

It is to be noted that in the embodiments above the 
timing at which charging and discharging start and stop, 
i.e., t1 to t7 and ta to tc, may be generated by a timing 
generator of various known designs. For example, a 
dock signal with a constant period may t^e counted tjy a io 
counter for which the initial value can be set. The neces- 
sary timing signals can then be easily generated using 
a carry signal generated when the counter overfiows. 
This configuration allows the lirrtng signal to be freely 
adjusted by controlling the inrttal value set to the coun- is 
ter. 

If a microprocessor is used to input the initial value, 
it is possible, for example, to change the V33 rise timing 
between ta and tc according to the print data. TWs 
makes it possible to easily control and vary the ink drop- 20 
let Section volume. The ink droplet ejection period is 
typically several hundred microseconds long, easily 
within the control capacity of today's microprocessors. 
Hard wired logic can be alternatively used, however, to 
achieve even higher printing speeds. ss 

As will be appreciated, the control device lor con- 
trolling tine actuator(6) of an Inkjet head in accordance 
with the present invention may be a separate part of an 
Inkjet recording apparatus using the Inkjet head or may 
be integrally formed with the Inkjet unit(s) into an Inkjet 30 
head. 

While the invention has been descn*bed in conjunc- 
tion with several specific embodiments, it is evident to 
those skilled in the art that many further alternatives, 
modifications and variations will be apparent in light of ss 
the foregoing description. Thus, the inv&Ttion described 
herein is Intended to embrace all such alternatives, 
modifications, applications and variations as may fall 
within tiie spirit and scope of the appended claims. 

40 

Cialms 

1 . An ink jet recording apparatus comprising : 

an tnk jet head having one or more Ink jet units 4S 
each including 

a nozzle lor ejecting ink droplets; 
an ink chamber in communication with said 
nozzle on the one hand and ink supply means 
on the other harKi; so 
an elastic diaphragm forming at least a portion 
of a wall of said Ink chamber; 
an actuator responsive to drive signals so as to 
selectively deform said diaphragm and alter the 
volume of said ink chamber; and ^ 
abutment means an-anged outside of said Ink 
chambK* opposing said diaphragm with a gap 
being formed between said diaphragm and 



said aknitment means when the former Is not 
deformed; and 
drive means including 

an ejection signal generator for applying a first 
drive signal to said actuator to eject an ink 
droplet from said nozzle; 
a timer responsive to said ejection signal gen- 
erator for generating a timing signal at a first 
predetermined interval after receiving the first 
drive signal; and 

a complementary signal generator responsive 
to said timing signal for applying a second drive 
signal to said actuator to displace said dia- 
phragm into contact witii s^d abutment means 
and to keep this contact for a second predeter- 
mined interval. 

2. The apparatus of Claim 1. wherein the predeter- 
mined interval is selected sudi that said timer ger>- 
erales the timing signal within the time period 
during which the diaphragm is displaced from a 
position In which the volume of said ink chamber is 
minimum to a position where said diaphragm is 
cfosest to said abutment means. 

3. The apparatus of Claim 2, wherein tiie predeter- 
mined interval is selected such that ssud timer gen- 
erates the timing signal when said diaphragm 
reaches the position closest to sakJ abutment 
means. 

4. The apparatus of Claim 2, wherein the predeter- 
mined inten/al is selected such that said timer gen- 
erates the timing signal at a selected one of a 
plurality of discrete timing points witiiin said time 
period. 

5. The apparatus of any one of Claims 2 to 4. wherein 

said actuator comprises an electrostatic 
actuator including a first electrode attached to or 
integral vwth said diaphragm and a second elec- 
trode attached to or integral with sakf abutment 
means so as to face said first electrode; 

wherein the first drive signal comprises: 

an ejection charge signal component for caus- 
ing electrostatic attraction between said first 
and second electitxies to displace said dia- 
phragm towards said abutment means: and 
a sut>sBquent ejection discharge signal compo- 
nent for discharging said electrostatic actuator 
at a first discharge rate to release saki dia- 
phragm from said attraction force; and 

wherein the second drive signal com- 
prises: 

a stabifizing charge signal component for caus- 
ing electrostatic attraction between said first 
and second electrodes to displace said dia- 
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phragm into contact with said abutment means; 
and 

a subsequent stabilizing discharge signal com- 
ponent for discharging said elecirosiafic actua- 
tor a! a second discharge rate slower than said s 
first discharge rate. 

6- The apparatus according to any one of the preced- 
ing claims, wherein said diaphragm comprises: 

ro 

a first portion having a first thickness; and 
a second portion having a second thickness: 
said gap having a first gap length between said 
first portion and said abutment m&aats and a 
second gap length between said second por- is 
tion and said abutment means. 

7. The apparatus of Claim 6. wherein said fiist and 
second diaphragm portions exhibit different rigkfi- 



8. The apparatus according to an/ one of claims 1 to 
5, wherein said diaphragm conprises: 

a first portion having a first area; and ss 
a second portion having a second area differ- 
ent from said first area, said first and seoond 
diaphragm portions echlbiting different rigidi- 
ties. 

30 

9- A method of driving an inJc jet head having one or 
more Inkjet units each including a nozzle for eject- 
ing ink droplets, an ink chamber in communication 
with said nozzle on the one hand and ink supply 
means on the other hand, an elastic diaphragm ss 
forming at least a portion of a wall of said ink cham- 
ber, an actuator responsive to drive signals so as to 
selectively deform said diaphragm and alter the vol- 
ume of said ink chamber, and substantially station- 
ary abutment means arranged outsWe of said ink 40 
chamber opposing said diaphragm with a gap being 
formed between said diaphragm and said abutment 
means when the former is not deformed: the 
method comprising the steps of: 

4S 

(a) applying a first drive agnal to said actuator 
to force ejection of an ink droplet from said noz- 
zle; 

(b) waiting a predetermined interval; and 

(c) subsequently applying a second drive sig- so 
nal to said actuator to cause the diaphragm to 
contact said abutment means. 

1 0. The method of Claim 9, wherein ihe predetermined 
interval of step (b) is selected such that step (c) is ss 
performed when the diaphragm is displaced from a 
position in which the ink chamber volume is mini- 
mum to a position where the diaphragm is closest 
to said abutment means. 



11. The method of claim 10, wherein said predeter- 
mined inten/al is selected such that step (c) is per- 
formed when the diaphragm has reached the 
positfon nearest to said abutment means. 

12. The method of Claim 10 or 11. wherein 

saki actuator is an electrostatic actuator; 
wherein step (a) comprises: 

(a1) applying an ejection charge signal to the 
actuator to deform the cfiaphragm toward said 
abutment means; and 

(a2) subsequently appl>nng an ejection dis- 
charge signal to the actuator to discharge the 
actuator at a first discharge rate and to release 
the diaphragm so as to cause an ink droplet to 
be ejected: and 

wherein step (c) comprises: 
(c1) applying a stabilizing charge signal com- 
ponent to said actuator to deform the dia- 
phragm into contact saM abutment means; and 
(c2} subsequently applying a stabilizing dis- 
charge signal to cfischarge the actuator at a 
second discharge rate slower than sakI first 
discharge rate. 

ia An Inkjet head comprising: 

one or nnore Inkjet units each including 
a nozzle for Meeting ink droplets; 
an ink chamber in communication with said 
nozzle on the one hand and ink supply means 
on the other hand; 

an elastic diaphragm forming at least a portion 

of a wall of said ink chamber; 

an actuator responsive to drive signals so as to 

salacb'vely defonn said diaphragm and alter the 

volume of said Ink chamber; and 

abutment means arranged outside of said ink 

chamber opposing saU diaphragm with a gap 

being formed between said diaphragm and 

saM abutment means when the fomier is not 

deformed; and 

drive means Including 

an Bjectfon signal generator for applying a first 
drive signal to said actuator to eject an ink 
dropletfrom said nozzle; 
a timer responsive to said ejection signal gen- 
erator for generating a timing signal at a first 
predetermined interval after receiving the first 
drive signal; and 

a complementary signal generator responsive 
to said timing signal for applying a second drive 
signal to said actuator to disptace said dia- 
phragm into contact with said abutment means 
and to keep this contact for a second predeter- 
mined interval. 
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14. The ink jet head of Claim 13, wherein the predeter- 
mined interval Is selected such that said timer gen- 
erates the timing signal within the time period 
during which the diaphragm is displaced from a 
position in which ^e volume of said ink chamber is 5 
minimum to a position where said diaphragm is 
closest to said abutment means. 

1 5. The ink jet head of Claim 14. wherein the predeter- 
mined interval is selected such that said timer gen- 10 
erates the timing signal when said diaphragm 
reaches the position closest to said abutment 
means. 



19. The Inkjet head of Claim 18. wherein said first and 
second diaphragm portions exhibit different rigidi- 
ties. 

20. The Inkjet head according to any one of claims 13 
to 16, wherein saki diaphragm comprises: 

a first portion having a first area; and 
a second portion having a second area differ- 
ent from saki first area, said first and second 
diaphragm portions exhibiting different rigidi- 
ties. 



16. The Inkjet head of Claim 14. wherein the predeter- is 
mined interval is selected such that said timer gen- 
erates the timing signal at a selected one of a 
plurality of discrete timing pdnts within saki time 
period. 

20 

17. The ink jet head of any one of Claims 14 to 16, 
wher^n 

said actuator comprises an electrostatic 
actuator including a first eJectrode attached to or 
integral wth said diaphragm and a second elec- 2s 
trode attached to or integral with said abutment 
means so as to face sakJ first electrode; 

wherein the first drive signal comprises: 

an ejection charge signal conponent for caus- so 
tng electrostatic attraction between said first 
and second electrodes to displace said dia- 
phragm towards said abutment means; and 
a sutdsequent ejection discharge signal compo- 
nent for discharging sakl electrostatic actuator 3S 
at a first dischargs rate to release said dia- 
phragm from said attraction force; and 

wherein the second drive signal com- 
prises: 

a stabilizing charge signal component for caus- <q 
ing electrostatic attraction between said first 
and second electrodes to displace said dia- 
phragm into contact with sakJ abutment means; 
and 

a subsequent stabitiztng discharge signal com- 4S 
ponent for discharging said electrostatic actua- 
tor at a second discharge rate slower than said 
finst discharge rata 



18. The ink jet head according to any one of claims 13 so 
to 17, wherein said diaphragm comprises: 

a first portion having a first thickness; and 
a second portion having a secorxJ thickness: 

sakl gap having a first gap length ss 
between sakJ first portion and said abutment 
means and a second gap length between said 
second portion and said abutment mesms. 
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